The experimental methods are those described by Mitchell and Simon-Reuss (1952) . In the case of a few compounds of interest, experiments have been made to test for radiosensitisation in the tissue cultures, using the summation method.
Recently some water-insoluble compounds have been tested in solution in ethylene glycol mono-ethyl ether (Cellosolve) combined with gum Ghatti, using the method proposed by Friedmann and Simon-Reuss (1951) . However, we have found that these agents in the concentrations used produce a significant increase in the mitotic inhibition observed at 6 hours after 300 r of X-radiation, so that caution is necessary in the application of this method to studies of radiosensitisation.
Preparations used.
Most of the chemicals used in this investigation were either prepared or purified by Dr (Friedmann, Marrian and Simon-Reuss, 1948a) , Compounds XX-XXIII (Friedmann, Marrian and Simon-Reuss, 1948b) , Compounds VIII, IX and XXIV (Friedmann, Marrian and Simon-Reuss 1952a) .
We are indebted to Dr. F. Bergel, of Roche Products, Limited, for the following compounds and information about them: Compound X, C11H.5010P2Na.5. 4C2H.,OH. 5H201 mol. wt. 748-2, calc. : C, 30-5; H, 5-2; P, 8-3; found: C, 30-52 ; H, 3-1 ; P, 8-33, 8-20; Compound XI, C12H4012P2Na6.7H201 Mo" Wt-666.2, ca1c.: C, 21-7; H, 2-7; P, 9-3; found: C, 21.9; H, 3-3; P, 9-2, 9-4; Compound XIV, CqHj008P2Ca2. H20 -1 2 C2H50H, mol. wt. 429-41, cale.: C, 28-0; H, 3-5; P, 14-45, found: C, 28-67 ; H, 3-27 P, Compound XXVII, described by Tarbell, Fukushima and Dam (194.) and Kitchen and Sandin (1945) was prepared by Dr. Friedmann. Compound XXVIII was prepared by Dr. Marrian, who has kindly given us the following information about the di-barium salt of 2:3-dimethyl-1:4-naphthohydroquinone diphosphate: Colourless prisms, C12H1008P2Ba2.5H201 cale. C, 20-4; H, 2-82; P, ; loss of 5H201 12-7 per cent; found: C, 20-0 H. 2-72; P. 8-55; loss at 120' Mitchell and Simon-Reuss. Compound 11 showed an increase in the number of metaphases by a factor of about 2-5 on increasing the concentration for 50 per cent mitotic inhibition by a factor of IO. It bas been show-n in the preceding paper (MitcheR and Simon-Reuss, 1952) that Compound I is somewhat unstable in aqileous solution in the absence of oxygen at 39'C. The increase in stabihty in Compouncls II, 1, and XXVIII on methylation is correlated with the decrease in the oxidation-reduction potential of the corresponding dephosphorylated compounds, which has the values at pH7 of +71, -5, ancl -73 millivolts respectively (Trenner and Bacher, 1941 The replacemen-t of 2-methyl in the addition product, S-(2-methyl-1:4-naphthoquinonyl-3-) glutathione (XX), by 2-chloro-gives the Compound XXIV, which has lost its biological activity. This may be due to failure of intra-cellular oxidation of the methyl group.
(ii) Hydroxyl group.-The introduction into 2-methyl-1:4-naphthoquinone of a hydroxyl group in the 3-position to give phthiocol (VI) is associated with mitotic inhibition almost exactly equal to that of Compound 1, which is the diphosphate. Compound VI produces clumped metaphases with some chromosome fragmentation and many undivided telophases, but practically no anaphase bridges. Metaphase accumulation appears at a concentration which produces about 70 per cent mitotic inhibition; this is associated with negligible effect on resting ceUs.
The weak metaphase arrest with Compound VI is perhaps associated. with the electron-repeRing inductive effect of the hydroxyl group. It is interesting to note that. its oxidation-reduction potential at pH7 has the low value of 1 13 millivolts (Trenner and Bacher, 1941 (Mitchell, 1951) .
(iv) Nitro group.-The introduction of the p-nitro group into Compound XVIII to give Compound XIX is associated with reduction of activity for mitotic inhibition by a factor of 10 and a great increase in toxicity. It is well known that p-nitro-phenol is the most toxic of the mononitrophenols; it is considered probable that its toxicity depends on the rate of reduction (Williams, 1947, p. 
136).
It is of interest to study diinitrophenol (Compound XXX), since in concentrations in the region of 10-5M it has been show-n to produce inhibition of phosphorylation without affecting or with slight stimulation of oxidation in rabbit kidney homogenate (Loomis and Lipmann, 1948) , and reduction of the rate of cleavage and uptake of P32 in the developing sea urchin embryo (Villee, Lowens, Gordon, Leonard and Rich, 1949 ); see also review by McElroy (1947) and Clowes (I 95 1).
Dinitrophenol rather surprisingly produces 50 per cent mitotic inhibition in a concentration lower by a factor of 2 than phenol (XVII). Its toxic effects only become severe at a concentration higher than the M150 by a factor greater than 2, so that. it is rather less toxic than might have been anticipated. The increasing metaphase accumulation at the higher concentrations observed with dinitrophenol is not found with phenol and suggests some difference in the mechanism of action.
These results are not inconsistent with the view that inhibition of the entry of cells into mitosis depends upon the prevention of some synt-hetic processes by inhibition of phosphorylation without interference with carbohydrate breakdown. It is possible that metaphase arrest involves a similar but less sensitive mechanism. However, much more biochemical evidence is required.
(v) Phytyl group.-Vitamin Kl, 2-methyl-3-phytyl-1:4-naphthoquinone (XXIX), in concentration 5 x 10-6M, produces no mitotic inhibition and no change in mitotic phase distribution, but nevertheless results in chromosome fragmentation and some anaphase bridges (Fig. 19, 20) . At higher concentrations there is a toxic effect on resting cells.
These findings confirm the independence of the processes of mitotic inhibition and of chromosome breakage and reunion.
(5) Ring structure.
Considerable alteration of the ring structure may be tolerated without gross change in biological activity, but is usually associated with increas'ed production of abnormal mitoses.
5-Methyl-4:7-thionaphthene quinone (XXVII) is active when tested in solution in CeRosolve and gum Ghatti, and produces 50 per cent rnitotic inhibiti'on m approximately 5 x 10-6M concentration. At this concent-ration it produces some abnormal mitoses, mainly clumped metaphases, and at higher concentrations there is metaphase accumulation. There are practically no anaphase bridges and there is little visible effect on resting cells, which suggests low toxicity.
The dicalcium salt of 2:3:6-trimethyl-hydroquinone diphosphate (XIV) is only a httle less active as a mitotic inhibitor than Compound I but produces many abnormal mitoses (Fig. 10) . In a concentration which produces 70 per cent mitot-ic inhibition there are many rounded-up and disconnected resting
The tetra-sodium salt of toluhyd-roquinone diphosphate (XIII) is less active as a. mitotic inhibitor than Compound (XIV) by a factor of 2, but produces metaphase accumulation and abnormal mitoses, mainly clumped metaphases, chromosome fragmentation and multipolar cells, at all concentrations showing mitotic inhibition.
The tetra-sodium salt of hydroquinone diphosphate (XVI) is a very active compound, and produces 50 per cent mitotic inhibition at almost exactly the same concentrat-ion, 3 x 10-9m, as does Compound IL In this region of concentratioin it also produces few abnormal mitoses. Thug the action of the hydroquinone diphosphate (XVI) resembles that of the naphthohydroquinone diphospbate JI), to which it may be regarded as more closely related than to Compound 1.
In the case of phenyl phosphate (XVIII), the observed slow increase in mitotic inhibition wit-h concentration suggests the possibility of its conversion in the cell rather inefficiently to hydroquinone.
(6) Interaction with sulphydryl compounds.
It was thought at first that interaction with -SH groups was likely to be an important factor in mitotic inhibition (Brachet, 1947, p. Dam, Glavind and Karrer (1940) (Buell, 1952) . It seems unlikely that at the concentrations used there is interference with glycolysis (Gemmill, 1949 
